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Abstract
ຊߘͷ໨త͸ɼٞձ੍౓ʹ͓͚Δڋ൱ݖ͕౤ථྗ෼෍ʹٴ΅͢ޮՌΛ Shapley-
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1Veto power and the distribution of




This paper examines the eﬀect of a veto power on the distribution of power
under weighted voting by using the Shapley-Shubik index (SS index). We con-
struct a weighted voting model with veto rights parameters of McCarty(2000).
The model treats not only non-overridable but also overridable veto under
weighted voting. It is shown that an increase in certain voter’s veto rights
parameter may not only decrease some voter’s SS indices but also increase
other voter’s SS indices. We also derive a method to compute the SS indices
eﬃciently. By applying this method, we show that in the case of two-party
competition, the change from two-thirds to four-ﬁfth of re-approval quota has
no inﬂuence on the distribution of the SS indices. As an application, we analyze
the eﬀect of a veto power in Japanese local legislatures.
Keywords: weighted voting, veto rights parameter, Shapley-Shubik index,
Japanese local legislatures
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࿦తͳํ๏͸ɼShaplay-Shubik(1954) ࢦ਺ (SS ࢦ਺)ɼBanzhaf(1965) ࢦ਺ (Bz ࢦ਺)ɼ
Deegan-Packel(1978) ࢦ਺Λ͸͡Ίͱ͢Δ౤ථྗࢦ਺Λ༻͍Δํ๏Ͱ͋ΔɽSS ࢦ਺ͱ Bz
ࢦ਺͸ܾఆථ (casting vote) ΛΑΓଟ͘ѲΔ౤ථऀ͕ΑΓܾٞʹେ͖ͳӨڹΛ༩͍͑ͯ
Δɼͱ͍͏؍఺͔Βఆٛ͞Ε͓ͯΓɼݱ࣮ͷ༷ʑͳ౤ථ੍౓Λର৅ʹ͜ΕΒͷࢦ਺Λ༻
͍ͨ෼ੳ͕ߦΘΕ͍ͯΔɽͨͱ͑͹ɼOwen(1975) ͸ɼBz ࢦ਺ͷۙࣅܭࢉํ๏Λఏࣔ͠
2্ͨͰɼΞϝϦΧ߹ऺࠃͷબڍ੍౓ʹ͓͚Δ Bz ࢦ਺Λܭࢉ͍ͯ͠Δɽ·ͨɼAlgaba et
al.(2006) ΍ Bilbao et al.(2002) ͕Ԥभٞձͷ෼ੳΛ SS ࢦ਺ͱ Bz ࢦ਺Λ༻͍ͯߦͬͯ
͍ΔɽΘ͕ࠃͷ྆Ӄ੍ٞձʹ͍ͭͯ͸෱ాɾ࿬ా (2009) ͕ఏܞߏ଄Λߟྀͨ͠౤ථྗࢦ
਺ (coalition-structure value) Λ༻͍ͯ෼ੳΛࢼΈ͍ͯΔɽڠྗήʔϜͷղʹ͓͚Δ഑෼
ΛඇڠྗήʔϜͷۉߧͰ਱ߦ͢Δͱ͍͏໰୊Ͱ͸ɼGul(1989) ͕ Shapley ஋ΛҰఆͷ৚݅
ͷԼͰఆৗ෦෼ήʔϜ׬શۉߧʢStationary Subgame Perfect Equilibrium: SSPEʣͰ
਱ߦͰ͖Δ͜ͱΛূ໌͍ͯ͠Δɽ·ͨɼLaruelle and Valenciano(2008) ͸ɼఏҊऀʹબ




























౤ථऀͷू߹Λ N = {1,2,...,n} ͱ͠, N ͷ೚ҙͷ෦෼ू߹ΛఏܞͱݺͿɽw =




wi ͱ͢Δɽk = (k1,...,kn) Λڋ൱ݖύϥϝʔλɾϕΫτϧͱ
ఆΊΔɽڋ൱ݖύϥϝʔλɾϕΫτϧͷ੒෼ ki ͸ਖ਼ͷ੔਺Ͱ͋ΓɼϓϨΠϠʔ i ͷ൓ର









S ∈ 2N | w(S) ≥ max{kj | j ∈ Sc}
}
Ͱ͋Γɼ͔ͭ N ∈ W ͱఆΊΔ*5ɽҎ্ͷੑ࣭Λຬͨ͢૊ G = (N,k,w) Λڋ൱ݖΛ൐͏
ॏΈ͖ͭଟ਺ܾήʔϜͱݺͿ͜ͱʹ͢Δɽಛʹࠞཚ͕ͳ͍ݶΓ N Λলུ͠ G = (k,w)
Λ୯ʹήʔϜͱݺͿɽͳ͓ɼήʔϜ G = (k,w) ͸୯७ήʔϜ (simple game) ͷ̍ͭͷΫ
ϥεͰ͋Δ*6ɽ·ͨɼҎԼͰ͸؆ུԽͷͨΊʹ K(S) = max{kj | j ∈ Sc} ͱॻ͘͜ͱʹ
͢Δɽ
ྫ 2.1. ڋ൱ݖΛ൐͏ॏΈ͖ͭଟ਺ܾήʔϜͷྫ
n = 4, w = (40,30,20,10),k = (51,51,51,67).








*5 max{∅} ͸ଘࡏ͠ͳ͍ͨΊɼN ∈ W ͷԾఆΛஔ͘ɽ
*6 Γ = {° | ° : 2N → R;°(∅) = 0} ͱ͠ɼ° ∈ Γ ΛఏܞܗήʔϜ (coalitional game) ͱݺͿ͜ͱʹ͢Δɽ
೚ҙͷ S ∈ 2N ʹର͠ °(S) ∈ {0;1} ͱͳΔఏܞܗήʔϜ ° ∈ Γ Λ୯७ήʔϜͱ͍͏ɽ
*7 ͳ͓ɼಠࡋऀͱڋ൱ݖऀ͸ҟͳΔ֓೦Ͱ͋ΔɽϓϨΠϠʔ i ͕ಠࡋऀͰ͋Δͱ͸ɼi ΛؚΉ͢΂ͯͷఏܞ






໋୊ 1. ϓϨΠϠʔ i ʹ͍ͭͯ ki ≥ w(N \ {i}) Ͱ͋ΔͳΒ͹ɼi ͸׬શڋ൱ݖΛ࣋ͭɽ
ূ໌. ݁࿦Λ൱ఆͯ͠ɼ͋Δ S ∈ W ͕ଘࡏͯ͠ɼi / ∈ S Ͱ͋ΔͱԾఆ͢Δɽ͢Δͱɼͦͷ
Α͏ͳ S ʹ͍ͭͯɼwi > 0 ΑΓ
w(S) ≤ w(N \ {i}) < ki
͕੒Γཱͭɽ͜Ε͸ S ∈ Wɼ͢ͳΘͪ w(S) ≥ K(S) ʹໃ६͢Δɽ Q.E.D.
ͳ͓ɼ͜ͷٯ͸੒Γཱͨͳ͍ɽͳͥͳΒɼॏΈ͕े෼ʹେ͖͚Ε͹ɼڋ൱ݖύϥϝʔλ
໋͕୊ͷ৚݅Λຬ͍ͨͯ͠ͳ͘ͱ΋͢΂ͯͷউརఏܞʹؚ·ΕΔ৔߹͕ଘࡏ͢Δ͔ΒͰ͋
Δ*9ɽ·ͨɼ໋୊ 1 ʹؔͯ͠ɼ͋ΔϓϨΠϠʔ i ʹ͍ͭͯ ki > w(N) Ͱ͋Δͱ͖΋ɼશ
һఏܞ N ͸উརఏܞͱͳΔ͜ͱΛ஫ҙ͓ͯ͘͠ɽ
࣍ͷ໋୊ 2 ͸ɼήʔϜ (k,w) ͕౤ථγεςϜͱͯ͠อ࣋͢΂্͖هͷ๬·͍͠ੑ࣭Λ
උ͍͑ͯΔ͜ͱΛओு͍ͯ͠Δɽ
໋୊ 2. ήʔϜ G = (k,w) ͸࣍ͷ̏ͭͷੑ࣭Λຬͨ͢ɽ
(̍) શһఏܞ͸ඞͣ౤ථʹউར͢Δ (N ∈ W) ɹ
(̎) ୯ௐੑ (೚ҙͷ S,T ∈ 2N ʹରͯ͠ S ∈ W ͔ͭ S ⊆ T ͳΒ͹ T ∈ W) ɹ
(̏) উརఏܞͷิू߹͸ഊ๺ఏܞͰ͋Δ (೚ҙͷ S ∈ 2N ʹରͯ͠ S ∈ W ͳΒ͹
N \ S / ∈ W) ɹ
͕উརఏܞͱͳΔͱ͖Λ͍͏ɽΏ͑ʹಠࡋऀͳΒ͹ڋ൱ݖऀͰ͋Δ͕ɼͦͷٯ͸੒Γཱͭͱ͸ݶΒͳ͍ɽ






5ূ໌. ·ͣ (̍) ͷ੒ཱ͸໌Β͔Ͱ͋Δɽ࣍ʹੑ࣭ (̎) Ͱ͋Δ͕ɼS ∈ W ͔ͭ S ⊆ T
ΑΓɼ
K(T) ≤ K(S) ≤ w(S) ≤ w(T)
ͳͷͰ T ∈ W Ͱ͋Δ͜ͱ͕ݴ͑ΔͷͰɼੑ࣭ (̎) ͸ຬͨ͞ΕΔɽੑ࣭ (̏) Λຬͨ͢͜
ͱΛࣔͦ͏ɽS ∈ W ΛԾఆ͢Δͱɼ೚ҙͷ i ʹ͍ͭͯ ki > 1
2w(N) ΑΓ





w(N) = w(S) + w(N \ S) >
1
2
w(N) + w(N \ S) ⇔
1
2
w(N) > w(N \ S)
⇔ N \ S / ∈ W
Αͬͯੑ࣭ (̏) ΋ຬͨ͞ΕΔɽ Q.E.D.

















































͕ग़དྷΔɽձࣾ๏ୈ 108 ৚ୈҰ߲ͷ 4 ͸ɼछྨגࣜʹʮৡ౉ʹΑΔ౰֘छྨͷגࣜͷऔಘʹ͍ͭͯ౰֘
גࣜձࣾͷঝೝΛཁ͢Δʯ͜ͱΛೝΊ͍ͯΔɽ








౤ථऀͷू߹ N ͱॏΈϕΫτϧ w ͸͜Ε·Ͱಉ༷Ͱ͋ΔɽҰํɼڋ൱ݖύϥϝʔλʹ











ͱఆΊΒΕɼN ∈ W ΛԾఆ͢Δɽ͢Δͱ k ͱ w ͷ૊ ˆ G = (k,w) ͸̍ͭͷ୯७ήʔϜ
Ͱ͋Δɽه߸ͷ؆ུԽͷͨΊʹҎԼͰ͸ ˆ K(S) = max{k(T) | T ∈ 2S
c
} ͱॻ͘͜ͱʹ͢
Δɽ#S > 1 ͳΔఏܞ S ʹ͍ͭͯ k(S) = max{k({i}) | i ∈ S} ͱͨ͠ͱ͖ G = (k,w)
ͱ ˆ G = (k,w) ͸ήʔϜͱͯ͠ಉ࣭ (W(G) = W( ˆ G)) Ͱ͋Δ͜ͱΛ஫ҙ͓ͯ͘͠ɽ͜ͷҙ
ຯͰ ˆ G ͷํ͕ήʔϜͷ֓೦ͱͯ͠͸޿͍ͱݴ͑ΔɽG ͱಉ༷ʹ ˆ G ͸௨ৗͷ౤ථ੍౓ͷੑ
࣭Λอ༗͍ͯ͠Δ͜ͱΛ࣍ͷ໋୊͸ओு͍ͯ͠Δɽ
໋୊ 3. ˆ G = (k,w) ͸࣍ͷ̏ͭͷੑ࣭Λຬͨ͢ɽ
(̍) શһఏܞ͸ඞͣ౤ථʹউར͢Δ (N ∈ W) ɹ
(̎) ୯ௐੑ (೚ҙͷ S,T ∈ 2N ʹରͯ͠ S ∈ W ͔ͭ S ⊆ T ͳΒ͹ T ∈ W) ɹ
(̏) উརఏܞͷิू߹͸ഊ๺ఏܞͰ͋Δ (೚ҙͷ S ∈ 2N ʹରͯ͠ S ∈ W ͳΒ͹
N \ S / ∈ W) ɹ
ূ໌. ·ͣ (̍) ͷ੒ཱ͸໌Β͔Ͱ͋Δɽ࣍ʹੑ࣭ (̎) Ͱ͋Δ͕ɼS ∈ W ͔ͭ S ⊆ T
ΑΓɼ
ˆ K(T) ≤ ˆ K(S) ≤ w(S) ≤ w(T)
ͳͷͰ T ∈ W Ͱ͋Δ͜ͱ͕ݴ͑ΔͷͰɼੑ࣭ (̎) ͸ຬͨ͞ΕΔɽੑ࣭ (̏) Λຬͨ͢͜
*15 ΋ͪΖΜɼࣗຽɾຽओͷఏܞ΋̏෼ͷ̎ͷෆ׬શڋ൱ݖΛอ༗͍ͯ͠Δͱݴ͏͜ͱ͕Ͱ͖Δɽ
8ͱΛࣔͦ͏ɽS ∈ W ΛԾఆ͢Δͱɼ೚ҙͷ S ʹ͍ͭͯ k(S) > 1
2w(N) ΑΓ













w(N) > w(N \ S)
⇔ N \ S / ∈ W
Αͬͯੑ࣭ (̏) ΋ຬͨ͞ΕΔɽ Q.E.D.
ྫ 2.2. Ͷ͡Εࠃձͷྫ






ΠϠʔͷू߹ N ͕ ¯ N ͱ V ʹ෼ׂ͞ΕΔͱ͢Δɽ͜͜Ͱ #V = L ͱ͠ɼn > L ≥ 3 ͔ͭ
L ͸ح਺ͱ͢Δɽ͢Δͱ೚ҙͷఏܞ S ∈ 2n ͸ S = ¯ S ∪ T(¯ S ⊆ ¯ N,T ⊆ V ) ͱॻ͘͜ͱ͕
Ͱ͖ΔɽҎ্ͷ४උͷԼͰؔ਺ k : 2N → N Λɼ
k(S) =
{
w(N) #T ≥ L+1
2
w(N)+1
2 #T < L+1
2
ͱఆΊΔɽ͜ͷΑ͏ͳήʔϜ ˆ G = (k,w) ͸ԫۚג͕ࣜෳ਺ൃߦ͞Ε͍ͯΔ౤ථ੍౓Λ
දݱ͍ͯ͠ΔɽV ʹؚ·ΕΔ౤ථऀ͕ԫۚגࣜΛอ༗͍ͯ͠Δ౤ථऀͰ͋Δɽͨͱ͑͹
¯ N = {1,2,3},V = {4,5,6} ͱ͍͏ήʔϜΛߟ͑Α͏ɽ͜ͷͱ͖ V ʹؚ·ΕΔগͳ͘
ͱ΋̎ਓͷϓϨΠϠʔ͕ఏܞʹՃΘ͍ͬͯΕ͹ɼ͋ΒΏΔٞҊΛ൱ܾͰ͖Δɽͨͱ͑͹






ྫ 3.1. w = (6,4,3),k = (7,7,7).
͜ͷྫͰ͸ɼW = {{1,2},{2,3},{3,1},{1,2,3}} Ͱ͋Δ͔ΒɼͲͷϓϨΠϠʔ΋౳͍͠
ӨڹྗΛ࣋ͭͱߟ͑Δ΂͖Ͱ͋Ζ͏ɽ
͜͜ͰݤͱͳΔߟ͑ํ͸ɼ֤౤ථऀ͕ܾఆථ (casting vote) ΛͲΕ͚ͩѲΔ͜ͱ͕Ͱ
͖Δ͔ɼͱ͍͏؍఺Ͱ͋Δɽ͜ͷ؍఺͔Βఆٛ͞Εͨ౤ථྗࢦ਺ͱͯ͠୅දతͳ΋ͷʹ
Shapley-Shubik(1954) ࢦ਺ (SS ࢦ਺) ͱ Banzhaf(1965) ࢦ਺͕͋ΔɽຊߘͰ͸ѻ͍͕༰
қͳ SS ࢦ਺Λ༻͍Δ͜ͱʹ͢ΔɽຊઅͰ͸ɼ·ͣ SS ࢦ਺Λఆٛ͠ɼڋ൱ݖͱ SS ࢦ਺ͷ
ؔ܎ͱॏΈͱ SS ࢦ਺ͷؔ܎Λ໌Β͔ʹ͢Δɽ͞ΒʹɼԠ༻্ॏཁͳຊߘͷϞσϧʹ͓͚
Δ SS ࢦ਺ͷܭࢉํ๏Λఏࣔ͢Δɽͳ͓ɼҎԼͷઅͰ͸ G = (k,w) ͷΈΛ༻͍ɼલઅͷ
࠷ޙͰఆٛͨ͠ ˆ G ͸༻͍ͳ͍ɽ
Π Λ N ͷॱྻ (ஔ׵) શମͷू߹ͱ͢Δɽ͢Δͱɼ೚ҙͷ π ∈ Π ʹରͯ͠ɼπ(i)
͸ π ʹ͓͚Δ i ൪໨ͷ਺Λද͍ͯ͠Δɽ೚ҙͷ π ∈ Π ͱ೚ҙͷ i ∈ N ʹରͯ͠
σi(π) = {j ∈ N | π(j) < π(i)} ͱ͢Δɽσi(π) / ∈ W ͔ͭ (σi(π) ∪ {i}) ∈ W ͱͳΔͱ͖ɼ
i ∈ N ͸ॱྻ π ʹ͓͚ΔϐϰΥοτͰ͋Δͱ͍͏ɽϓϨΠϠʔ i ͷ SS ࢦ਺͸ɼi ͕ϐϰΥ
οτʹͳΔॱྻͷݸ਺Λ͢΂ͯͷॱྻͷݸ਺ n! Ͱআͨ͠΋ͷͱͯ͠ఆٛ͞ΕΔɽ͜͜Ͱɼ
ϓϨΠϠʔ i ͕ϐϰΥοτͱͳΔॱྻͷू߹͸ {π ∈ Π | σi(π) / ∈ W,(σi(π) ∪ {i}) ∈ W}
ͱද͢͜ͱ͕Ͱ͖Δɽ͕ͨͬͯ͠ɼήʔϜ G ʹ͓͚ΔϓϨΠϠʔ i ͷ SS ࢦ਺ φi ͸
φi(G) =
#{π ∈ Π | σi(π) / ∈ W,(σi(π) ∪ {i}) ∈ W}
n!
ͱఆٛͰ͖Δɽ࣮ࡍʹ SS ࢦ਺ΛٻΊΔ্Ͱ͸্هͷදݱΛ༻͍Δͷ͸ෆศͳͷͰɼҎԼ
ͰఆΊΔผදݱΛࠓޙ͸༻͍Δ͜ͱͱ͢ΔɽSi(G) ΛϓϨΠϠʔ i Λؚ·ͳ͍Ͱ͔ͭ i ͕
ՃΘΔ͜ͱͰഊ๺ఏܞ͔ΒউརఏܞʹมΘΔఏܞͷू߹ͱ͢Δɽ͢ͳΘͪɼ
Si(G) = {S ∈ 2N | S / ∈ W,S ∪ {i} ∈ W,i / ∈ S}
= {S ∈ 2N | K(S ∪ {i}) − wi ≤ w(S) < K(S),i / ∈ S}




(n − #S)!(#S − 1)!
n!
ͳ͓ #S ͸ఏܞ S ʹؚ·ΕΔཁૉͷ਺ (cardinal number) Λද͍ͯ͠Δɽ







φi = 1 ɹ
(̎) ରশੑɿi ̸= j ͳΔ೚ҙͷϓϨΠϠʔ i,j ʹରͯ͠ɼki = kj ͔ͭ wi = wj ͳΒ͹
φi = φj Ͱ͋Δɽ
(̏) μϛʔɿ͢΂ͯͷ࠷খউརఏܞʹؚ·Εͳ͍ϓϨΠϠʔ i ʹରͯ͠ φi = 0 Ͱ͋Δ*18ɽ
ҎԼʹ SS ࢦ਺ͷܭࢉྫΛࣔ͢ɽ


































͸ S2 = {{1},{1,4},{3,4}} Ͱ͋ΔҰํɼޙऀͷྫͰ͸ S2 = {{1},{1,3},{1,4},{3,4}}
ͱͳ͍ͬͯΔɽ͢ͳΘͪɼϓϨΠϠʔ̐ͷڋ൱ݖ্͕ঢͨ͜͠ͱʹΑΓɼϓϨΠϠʔ͕̎
ՃΘΔ͜ͱͰഊ๺ఏܞ͔ΒউརఏܞʹมΘΔू߹଒͸େ͖͘ͳͬͨͷͰ͋ΔɽଞํͰ S1






*18 ͢΂ͯͷ࠷খউརఏܞ (minimal winning coaltion) ʹؚ·Εͳ͍౤ථऀΛμϛʔ (dummy) ͱ͍͏ɽ
࠷খউརఏܞͱ͸ɼͦΕҎ্খ͞ͳউརఏܞΛؚ·ͳ͍উརఏܞͷ͜ͱΛ͍͏ɽ͢ͳΘͪɼS ∈ W ͔ͭɼ
T ⊆ S ͔ͭ T ̸= S ͳΔ T ∈ W ͕ଘࡏ͠ͳ͍ఏܞ S Λ࠷খউརఏܞͱ͍͏ɽ
11ύϥϝʔλͷ্ঢ͸ɼଞͷϓϨΠϠʔͷ SS ࢦ਺Λݮগͤ͞ΔͷΈͳΒͣɼ্ঢͤ͞Δ͜
ͱ΋͋ΔͷͰ͋Δɽ
Ұൠʹɼ ڋ൱ݖύϥϝʔλͱ SS ࢦ਺͸͍͔ͳΔؔ܎ʹ͋ΔͷͰ͋Ζ͏͔ɽ͸͡Ίʹɼ ڋ
൱ݖύϥϝʔλͱ SS ࢦ਺ͷؔ܎ʹ͍ͭͯߟ͑ͯΈΑ͏ɽ͍·ɼҟͳΔήʔϜ G = (k,w)
ͱ G′ = ((k′
i,k−i),w) Λߟ͑ɼki ≤ k′
i Ͱ͋Δͱ͢Δɽ͢ͳΘͪ G′ ͸ɼ͋ΔϓϨΠϠʔ
i ͷڋ൱ݖ ki ͸ k′
i ʹ૿Ճ͢ΔҰํͰɼi Ҏ֎ͷϓϨΠϠʔͷڋ൱ݖ͸ෆมͰɼ͞Βʹ
ॏΈ͸શͯͷϓϨΠϠʔʹ͍ͭͯมԽ͍ͯ͠ͳ͍ͱ͍͏ঢ়گΛߟ͍͑ͯΔɽ͜ͷͱ͖
φi(G) ≤ φi(G′) ͕੒ΓཱͭɽͳͥͳΒɼki ͷ্ঢ͸ϓϨΠϠʔ i ͕ՃΘΔ͜ͱͰഊ๺ఏ
ܞ͔ΒউརఏܞʹมΘΔఏܞͷ਺͕૿͑Δɼ͢ͳΘͪ i ͕ϐϰΥοτʹͳΔॱྻͷݸ਺ͷ
૿ՃΛҙຯ͍ͯ͠Δ͔ΒͰ͋Δɽ্هͷࣄ࣮Λݫີʹड़΂ͨͷ͕࣍ͷ໋୊Ͱ͋Δɽ
໋୊ 4. G = (k,w) ͱ G′ = ((k′
i,k−i),w) Λߟ͑ɼki < k′
i Ͱ͋Δͱ͢Δɽ͜ͷͱ͖ɼ
φi(G) ≤ φi(G′) ͕੒Γཱͭɽ
ূ໌. Si(G) ⊆ Si(G′) Λূ໌͢Ε͹Α͍ɽk′ = (k′
i,k−i),K′(S) = max{k′
j | j ∈ N \ S}
ͱॻ͘͜ͱʹ͢Δɽ೚ҙʹ S ∈ Si(G) Λݻఆ͢ΔͱɼͦͷΑ͏ͳ S ʹରͯ͠
K(S ∪ {i}) = K′(S ∪ {i}) ͔ͭ K(S) ≤ K′(S)
͕੒Γཱͭɽ͜Ε͸ S ∈ Si(G′) Λҙຯ͢Δɽ Q.E.D.
͋Δ౤ථऀͷڋ൱ݖύϥϝʔλ͕૿Ճͨ͠ͱ͖ɼଞͷϓϨΠϠʔͷ SS ࢦ਺͸ݮগ͢
Δ৔߹΋૿Ճ͢Δ৔߹΋ڞʹ͋Δ͜ͱΛઌͷྫ͸͓ࣔͯ͠ΓɼมԽͷํ޲͸ϓϨΠϠʔ
ؒͰඇରশͷ৔߹͕͋ΔɽΑΓҰൠతʹ͸ɼઌͱಉ༷ʹ G ͱ G′ Λߟ͑Δͱɼ೚ҙͷ
S ∈ 2N\{i} ʹରͯ͠
K′(S ∪ {i}) − K′(S) ≥ K(S ∪ {i}) − K(S)






ήʔϜ (͢΂ͯͷ i ʹ͍ͭͯ ki = ¯ k ͳΔήʔϜ) ʹ͓͍ͯ SS ࢦ਺ͷߴ଎ͳܭࢉํ๏Λߟ
Ҋͨ͠ɽͦͷ࣌ؒܭࢉྔ͸ O(n2q) Ͱ͋Δʢq ͸Մܾඞཁථ਺Ͱ͋Δʣ ɽͦͷํ๏͸࣍ͷΑ
͏ͳ΋ͷͰ͋Δɽ
12ϓϨΠϠʔ i Λؚ·ͣɼॏΈͷ࿨͕ uɼ ཁૉͷ਺͕ s Ͱ͋Δఏܞͷݸ਺Λ C(i,u,s) Ͱ







(n − s)!(s − 1)!
n!
C(i,u,s)
ͱॻ͘͜ͱ͕Ͱ͖ΔɽΏ͑ʹ C(i,u,s) Λ஌Δ͜ͱ͕Ͱ͖Ε͹ SS ࢦ਺ͷܭࢉ͕ՄೳͰ͋
ΔɽLucas(1983) ͸ C(i,u,s) Λܭࢉ͢ΔΞϧΰϦζϜ (ҎԼͰ͸ Lucas ΞϧΰϦζϜͱ
ݺͿ) Λఏ͍ࣔͯ͠Δ*19ɽ
͔͠͠ɼຊߘͰ༻͍Δڋ൱ݖΛ൐͏ॏΈ͖ͭଟ਺ܾήʔϜͰ͸ Lucas ͷํ๏Λͦͷ·
·ద༻͢Δ͜ͱ͕Ͱ͖ͳ͍ɽͳͥͳΒɼఏܞ S ʹԠͯ͡ K(S) ͱ K(S ∪ {i}) ͕มԽͯ͠
͠·͏͔ΒͰ͋ΔɽLucas ͷํ๏͸ K(S) ͱ K(S ∪ {i}) ͕ҰఆͰͳ͚Ε͹ར༻͢Δ͜ͱ
͕Ͱ͖ͳ͍ͷͰ͋Δɽ
͔͠͠ຊߘͰ͸ɼki = ¯ k(i ̸= n) ٴͼ ¯ k < kn ͱͳΔήʔϜ G∗ ʹ͓͍ͯ͸ Lucas Ξϧ
ΰϦζϜΛར༻Մೳʹ͢Δํ๏ͷߟҊʹ੒ޭͨ͠ɽ






(n − s)!(s − 1)!
n!
C(n,u,s)
ূ໌. Sn ʹ͍ͭͯߟ͑Δɽn / ∈ S ͳΔ S ∈ 2N ʹରͯ͠ɼki = ¯ k(1 ≤ i ≤ n − 1) ΑΓ
K(S ∪ {n}) = max{kj | j ∈ N \ (S ∪ {n})} = ¯ k Ͱ͋Δɽ·ͨ K(S) = max{kj | j ∈
N \ S} = max{¯ k,kn} = kn Ͱ͋Δɽ͕ͨͬͯ͠ Sn = {S ∈ 2N | ¯ k − wn ≤ w(S) ≤
kn − 1,n / ∈ S} ͱͳΔɽC(n,u,s) ͸ Sn ʹؚ·ΕΔఏܞͷ͏ͪɼॏΈͷ࿨͕ u Ͱཁૉͷ
਺͕ s Ͱ͋Δఏܞͷݸ਺ʹଞͳΒͳ͍ɽΏ͑ʹ໋୊͕੒Γཱͭɽ Q.E.D.
໋୊ 5 Ͱࣔ͞Εͨࣜ͸ Lucas ΞϧΰϦζϜΛద༻Ͱ͖Δܗͱͳ͍ͬͯΔͷͰɼϓϨΠ
Ϡʔ n ͷ SS ࢦ਺Λ Lucas ΞϧΰϦζϜΛ༻͍ͯܭࢉ͢Δ͜ͱ͕Ͱ͖Δɽ
ྫ 3.4. n = 4, w = (40,30,20,10), k = (51,51,51,67).
W = {{1,2},{1,2,3},{1,3,4},{2,3,4},N}
C(4,u,s) ͷ͏ͪ 41 ≤ u ≤ 66 Λຬͨ͢ఏܞʹ͍ͭͯߟ͑ΔͱɼC(4,60,2) =
*19 ݱࡏɼΑΓߴ଎ͳΞϧΰϦζϜ͕͍͔ͭ͘ఏҊ͞Ε͍ͯΔɽৄ͘͠͸ Matsui and Matsui(2000) Λࢀ
রͤΑɽ







࣍ʹ࢒ΓͷϓϨΠϠʔͷ SS ࢦ਺ͷܭࢉํ๏Λߟ͑Α͏ɽG∗ ͔Βಋ͔ΕΔήʔ
Ϝ G∗|n−1 ͸ɼG∗ ʹ͓͍ͯϓϨΠϠʔ n Ҏ֎ͷϓϨΠϠʔͰߏ੒͞ΕΔήʔϜͰɼ
W(G∗|n−1) = {S ∈ 2N\{n} | w(S) ≥ kn} ͱͳΔήʔϜͰ͋ΔɽΑͬͯ Si(G∗|n−1) =
{S ∈ 2N\{n} | kn−wi ≤ w(S) < kn} Ͱ͋ΔɽҰํɼ G∗(n) ͸ɼ G∗ ʹ͓͍ͯϓϨΠϠʔ n
͕׬શڋ൱ݖΛ࣋ͭΑ͏ʹมΘͬͨήʔϜͰɼW(G∗(n)) = {S ∈ 2N | w(S) ≥ ¯ k,n ∈ S}
ͱͳΔήʔϜͰ͋Δɽ͕ͨͬͯ͠ Si(G∗(n)) = {S ∈ 2N | ¯ k −wi ≤ w(S) < ¯ k,n ∈ S} Ͱ
͋ΔɽఆٛΑΓ Si(G∗|n−1) ∩ Si(G∗(n)) = ∅ ͕੒Γཱͭɽ
ఆཧ 1. ೚ҙͷ i ∈ N \ {n} ʹରͯ͠
Si(G∗) = Si(G∗|n−1) ∪ Si(G∗(n))
Si(G∗|n−1) ∩ Si(G∗(n)) = ∅ ͕੒Γཱ͍ͬͯΔɽ
ূ໌. ·ͣ Si(G∗) ⊆ (Si(G∗|n−1) ∪ Si(G∗(n))) Λࣔ͢ɽ೚ҙʹ S ∈ Si(G∗)) Λݻఆ͢
Δɽ͜ͷͱ͖ S ∈ Si(G∗|n−1) ·ͨ͸ S ∈ Si(G∗(n)) ͕੒Γཱͭ͜ͱΛࣔ͢ɽn ∈ S ͷ
έʔεΛߟ͑Δͱɼ͜ͷͱ͖ K(S) = K(S ∪ {i}) = ¯ k ͳͷͰ
¯ k − wi = K(S ∪ {i}) − wi ≤ w(S) < K(S) = ¯ k
͕੒Γཱ͔ͭΒ S ∈ Si(G∗|n−1) Ͱ͋Δɽn / ∈ S ͷέʔεΛߟ͑Δͱɼ͜ͷͱ͖ K(S) =
K(S ∪ {i}) = kn ͳͷͰ
kn − wi = K(S ∪ {i}) − wi ≤ w(S) < K(S) = kn
͕੒Γཱ͔ͭΒ S ∈ Si(G∗(n)) Ͱ͋Δɽ
࣍ʹɼٯ޲͖ͷแؚؔ܎ Si(G∗) ⊇ (Si(G∗|n−1) ∪ Si(G∗(n))) Λࣔ͢ɽ೚ҙʹ S ∈
(Si(G∗|n−1) ∪ Si(G∗(n)) Λݻఆ͢ΔͱɼS ∈ Si(G∗|n−1) ·ͨ͸ S ∈ Si(G∗(n)) ͷ͍
ͣΕ͔ҰํͷΈ͕੒ΓཱͭɽS ∈ Si(G∗|n−1) ͷͱ͖Λߟ͑Δɽ͜ͷͱ͖ n / ∈ S ΑΓ
K(S) = K(S ∪ {i}) = kn ͳͷͰ
K(S ∪ {i}) − wi = kn − wi ≤ w(S) < kn = K(S)
͕੒ΓཱͭͷͰ S ∈ Si(G∗) Ͱ͋Δɽ࣍ʹɼS ∈ Si(G∗(n)) ͷέʔεΛߟ͑Δɽ͜ͷͱ͖
͸ n ∈ S ΑΓ K(S) = K(S ∪ {i}) = ¯ k ΑΓ
K(S ∪ {i}) − wi = ¯ k − wi ≤ w(S) < ¯ k = K(S)
14ͳͷͰ S ∈ Si(G∗) ͕੒ΓཱͭɽҎ্ΑΓ໋୊͕ਖ਼͍͜͠ͱ͕ূ໌͞Εͨɽ Q.E.D.




(n − #S)!(#S − 1)!
n!
+ φi(G∗(n))
























































ΔɽҰํɼφ(G∗(n)) ͸ࢢ઒ɾ্ᑍ (2008) Ͱࣔ͞Ε͍ͯΔํ๏Λ༻͍Δ͜ͱͰܭࢉͰ͖
ΔɽҎ্ͷٞ࿦͔Β φi(G∗) Λܭࢉ͢Δ͜ͱ͕ՄೳͰ͋Δ͜ͱ͕Θ͔ͬͨɽ
ͳ͓ɼӈลୈ߲̍͸ G∗ ʹ͓͍ͯ kn > w(N \ {n}) ͷͱ͖θϩͱͳΔ͜ͱʹ஫ҙ͢Δɽ
࣍ͷ໋୊͸͢΂ͯͷ i ̸= n ʹ͍ͭͯܥ̍ͷӈลୈҰ߲͕θϩͱͳΔͨΊͷඞཁे෼৚݅Λ
ड़΂ͨ΋ͷͰ͋Δɽ
15໋୊ 6. ೚ҙͷ i ̸= n ʹରͯ͠ wi < kn Ͱ͋Δͱ͖ɼ ೚ҙͷ i ̸= n ʹରͯ͠ Si(G∗|n−1) =
∅ Ͱ͋ΔͨΊͷඞཁे෼৚݅͸ kn > w(N \ {n}) Ͱ͋Δ͜ͱͰ͋Δɽ
ূ໌. ඞཁੑΛࣔ͢ɽkn > w(N \ {i}) ΛԾఆ͢ΔͱɼW(G∗|n−1) = ∅ ͱͳΔͷͰ
Si(G∗|n−1) = ∅ ͱͳΔɽे෼ੑΛࣔ͢ɽٯʹ Si(G∗|n−1) = ∅ ΛԾఆ͢Δɽ͢Δͱ೚ҙͷ
S ∈ 2N\{n} ʹରͯ͠ kn − wi > w(S) ·ͨ͸ w(S) ≥ kn ͕੒Γཱͭɽͱ͜Ζ͕ɼԾఆ
ΑΓ i ∈ N ʹରͯ͠ wi < kn ͕੒ΓཱͭͷͰɼಛʹ S = {i} ΛԾఆ͢Ε͹ w({i}) ≥ kn
͸໌Β͔ʹໃ६Ͱ͋ΔɽΏ͑ʹ kn − wi > w(S) ͕੒Γཱͭ৔߹ͷΈΛߟ͑Ε͹Α͍ɽ
͜ͷෆ౳ࣜ͸೚ҙͷ S ∈ 2N\{n} ʹରͯ͠੒ΓཱͭͷͰಛʹ S = N \ {i,n} ͱ͢Ε͹
















࣍ ͷ Α ͏ ͳ ή ʔ Ϝ Gº = ((k−n,kn + ν),(w−n,0)) Λ ߟ ͑ ɼή ʔ Ϝ ͷ ྻ
G0,G1,...,Gw(N)−kn Λߟ͑Δɽ֤ Gº(ν = 0,1,...,w(N) − kn) ʹ͓͍ͯ ki ͱ
kn ͸શථ਺ͷա൒਺Ͱ͋ΔɽϓϨΠϠʔ n ͕ट௕Ͱ͋Δͱߟ͑ɼट௕͸ٞձͰ౤ථͰ͖
ͳ͍ͨΊ wn = 0 ͱ͢Δɽ͜ͷΑ͏ͳήʔϜ Gº ʹ͍ͭͯ SS ࢦ਺Λܭࢉ͠ɼϓϨΠϠʔ
n ͷ SS ࢦ਺ͷมԽͷ༷ࢠΛ؍࡯͢Δɽ͜ΕʹΑΓɼ࠶ՄܾϥΠϯͷมԽͱट௕ͷύϫʔ
ͷؔ܎Λௐ΂Δ͜ͱ͕Ͱ͖Δɽ
16͔͠͠ɼͦͷؔ܎͸ॏΈͷ෼෍ʹΑͬͯҟͳΔՄೳੑ͕͋Δɽͦ͜ͰɼॏΈͷ෼෍Λද





͔Β 1 ͷ஋ΛͱΓɼ1 ͷͱ͖͕׬શͳಠ઎ঢ়ଶͰ͋ΓɼԼݶʹ
ۙͮ͘ʹͭΕͯࢢ৔͸ΑΓڝ૪తͱͳ͍ͬͯΔ͜ͱΛࣔ͢ɽHHI ͸ࢢ৔઎༗཰ͷೋ৐࿨













ϨΠϠʔ n(ट௕) ͷ SS ࢦ਺ɼԣ͕࣠ kn + ν(࠶ՄܾϥΠϯ) ͷ஋Ͱ͋Δ*21ɽ
Figure1 ̍ਓ̍ථͷ୯७ଟ਺ܾʹ͓͚Δ࠶ՄܾϥΠϯͱڋ൱ݖऀͷ SS ࢦ਺

















*20 ͳ͓ɼա൒਺Λ௒͑ΔॏΈΛอ༗͢ΔϓϨΠϠʔ͸ଘࡏ͠ͳ͍έʔεΛߟ͑ΔͨΊɼຊߘͰ͸ HHI ͸ 0.5
͕࠷େ஋ͱͳΔɽ
*21 ܭࢉʹ͸ Mathematica Λར༻ͨ͠ɽ
17̍ਓ̍ථͷέʔε͸ɼٞ੮͕࠷΋෼ࢄ͍ͯ͠ΔέʔεͰ͋Δ͕ɼ෼ࢄͷ౓߹͍͕͜ΕΑ
Γ΍΍ऑ͘ͳͬͨ৔߹͸Ͳ͏ͳΔͩΖ͏͔ʁٞ੮഑෼͕ઌͷྫΑΓ෼ࢄ͍ͯ͠ͳ͍έʔ
εͱͯ͠ HHI ͕ 0.12 Ͱ͋Δࢢ઒ࢢٞձʹ͍ͭͯ਺஋ܭࢉΛࢼΈΔͱɼ࣍ͷάϥϑΛಘ
ͨ*22ɽ
Figure2 ࢢ઒ࢢٞձʹ͓͚Δ࠶ՄܾϥΠϯͱट௕ͷ SS ࢦ਺































ͯ͠ਆಸ઒ݝٞձʹ͍ͭͯߟ͑ͯΈΑ͏*23ɽਆಸ઒ݝٞձͷ HHI ͸ 0.28 Ͱ͋Γɼࢢ઒
ࢢٞձΑΓ͸ಛఆ੓ౘʹٞ੮͕ूத͍ͯ͠Δɽ
Figure4 ਆಸ઒ݝٞձʹ͓͚Δ࠶ՄܾϥΠϯͱट௕ͷ SS ࢦ਺


























άϥϑ͸ S ࣈܕʹͳ͍ͬͯΔ*24ɽάϥϑ͔Β͸ɼ̍) ա൒਺͔Β̏෼ͷ̎ʹࢸΔ·Ͱ
*23 ਆಸ઒ݝٞձͷৄࡉͳ੎ྗ͸෇࿥ΛࢀরͤΑɽ




HHI ͕ 0.3 Λ௒͑Δͱɼೋେ੓ౘ੍ʹ͍ۙঢ়گʹͳͬͯ͘Δ*25ɽ࣍ͷྫ͸Ծ૝తͳ
σʔλΛ༻͍ͯೋେ੓ౘʹ͍ۙঢ়گΛ࡞Γग़ͨ͠΋ͷͰ͋Δ*26ɽ
Figure6 Ծ૝తͳٞձʹ͓͚Δ࠶ՄܾϥΠϯͱट௕ͷ SS ࢦ਺






























































΂͖Ͱ͋Δɽ·ͨɼήʔϜ G ʹ͓͍ͯ SS ࢦ਺Λܭࢉ͢ΔҰൠతͳΞϧΰϦζϜͷߏங΋
Ԡ༻ՄೳੑΛߟ͑Δ্Ͱॏཁͳ՝୊Ͱ͋ΔɽຊߘͰ͸ϞσϧΛఏࣔ͢ΔͷΈͰऴΘͬͯ͠
·͕ͬͨɼఏܞ͝ͱʹڋ൱ݖ͕ఆٛ͞ΕΔήʔϜͰ͋Δ ˆ G ʹ͓͚Δ SS ࢦ਺ͷੑ࣭ʹ͍ͭ
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